Objective: To assess the association between certain cardiovascular risk factors that are commonly clustered among individuals with insulin resistance syndrome (IRS) and adolescents' body composition measurements. Methods: We examined a total of 1068 adolescents aged 12-16 years from the Third National Health and Nutrition Examination Survey. The sex-specific third tertiles of glucose, triglycerides, systolic blood pressure and first tertile of high-density-lipoprotein (HDL) cholesterol were used to classify the presence of each IRS component. We compared adolescents with none, one, two and three/four IRS components across a series of body composition measurements and lipid profile. Results: About 18% of the adolescents had three or four IRS components. Overall, IRS among adolescents is more likely to be associated with body weight and measurements related to body girths and less likely to be associated with the measurements related to body lengths. Multivariate analysis results showed that the odds of being at increased risk of obesity (body mass index z-score4 0.85) were significantly greater among those with two (odds ratio (OR) ¼ 4.5; 95% CI 2.5-8.2) and three/four (OR ¼ 8.9, 95% CI 4.5-17.5) IRS components compared to those without any IRS components. Across sex, the level of non-HDL cholesterol was significantly higher among adolescents with more IRS components (P for trends o0.05). Conclusions: The clustered cardiovascular risk factors are strongly associated with an increased risk of obesity and higher levels of non-HDL cholesterol among adolescents.
Introduction
Although atherosclerotic cardiovascular disease (CVD) is the major killer among the adult population in industrialized nations, evidence suggests the pathological processes and risk factors associated with its development begins during childhood. 1 It is believed that CVD is the result of an interaction between genetic and environmental risk factors with a long induction time period. 2 Among adults, risk factors such as insulin resistance and obesity are extensively documented as having an association with the morbidity and mortality of CVD, 3 and there are also reports that short stature (height and length of leg) is associated with the risk of CVD. 4 It was hypothesized that those observed CVD risk associations in adulthood might come from a common origin that have been programmed at the fetal stage. 5 Although the causal pathways between these conditions are not fully understood, it is important to begin to look back across earlier stages of the lifespan examining those CVD risk factors among adolescents to determine whether any earlier associations have been established. We used the data from the Third National Health and Nutrition Examination Survey (NHANES III) to explore this question.
Methods
The Third National Health and Nutrition Examination Survey survey and participants The current study is based on data from the NHANES III, which was collected between 1988 and 1994, weighted to represent the population of non-institutionalized US civilians who were not living on Indian reservations and aged 2 months and older. It employed a complex, multistage, stratified, clustered sampling design and the details of this survey have been published elsewhere. 6 All participants had provided informed consent before participating in the study. The standardized interview and examination procedures used throughout NHANES III were based on a two-stage process to collect data both in a home interview and during a medical examination. All participants who completed the home interview were invited to participate in the detailed medical examination conducted at a mobile examination center (MEC). Medical examinations were completed about 2 weeks after the home interview. A total of 2216 adolescents aged 12-16 years participated in the NHANES III. Among these adolescents, 662 of them, whose fasting hours before drawing blood was less than 8 h, were excluded. In addition, another 486 adolescents were excluded from this study owing to missing data for either triglyceride (TG), or highdensity-lipoprotein (HDL) cholesterol, or systolic blood pressure (SBP). The results from the loss-analysis indicated that although there was a slight difference between the included group and excluded group in sex (males (%): 49.8 vs 53.2) and in race (white (%): 79.2 vs 76.0), there were no statistical differences in their mean levels of age and anthropometric measurements. Therefore, we confined our analysis to 1068 adolescents, who had fasted at least 8 h and had complete information on glucose, TG, HDL cholesterol and SBP in this study.
Anthropometric measurements
Respondents were provided with written descriptions and a demonstration video before the medical exam that collected all anthropometric measurements. During the physical examination, participants wore only undershorts and disposable paper shirts, pants and foam slippers. Body weight was measured with an electronic load cell scale to the nearest 0.01 kg. Standing height and sitting height were measured without shoes in the Frankort horizontal plane to the nearest 0.1 cm using a fixed stadiometer. Leg length was calculated as the difference between standing height and sitting height. Waist circumference, middle-up arm circumference, buttocks circumference and thigh circumference were measured by trained technicians. Waist-to-hip ratio was calculated using waist circumference over hip circumference. Body mass index (BMI: kg/m 2 ) was derived from weight and height. In this study, BMI was standardized for age and sex by conversion to a BMI z-score 7 and used to define a group of children at increased risk of obesity. The z-score was calculated using the formula provided by Box. 7 with a reference population (US/CDC data) of the same age and sex as the subject and transferred into the corresponding percentile. Although there is no standardized definition of what constitutes obesity for children, consistent with epidemiological data and extrapolation from adult definitions, the 85th percentile is commonly used to identify a group of children at increased risk of obesity.
1
Insulin resistance syndrome components measurements Blood samples were obtained during the medical exam and the fasting time was calculated using the time of venipuncture and the time that the examinee last ate or drank (other than water). Serum cholesterol (total cholesterol), TG and glucose were obtained from the standard battery of biochemical assessments. Triglyceride levels were measured enzymatically in a series of coupled reactions hydrolyzing TG to glycerol and free fatty acids. Serum glucose was obtained from the standard battery of biochemical assessments. HDL cholesterol was measured using heparin-manganese precipitation method. Low-density lipoprotein (LDL) cholesterol was calculated using the Friedewald formula as LDL ¼ total-cholesterolÀHDL cholesterol -TG/5. 8 Non-highdensity-lipoprotein (non-HDL) cholesterol was defined as the difference between total cholesterol and HDL cholesterol. Among the adolescents, about 33% did not provide a morning blood sample. However, the averages of the variables from blood samples were similar for morning versus non-morning samples except for TGs, which was lower among the non-morning sample. Analyses were conducted separately for morning and non-morning samples regarding the relationship between IRS and anthropometric measurements yielding similar results. Therefore, the combined sample was used in this analysis. Blood pressure (BP) was measured three times at the household interview and three times during the MEC examination with the subject in a seated position using a manual mercury sphygmomanometer. The six or fewer of the first Korotkoff sound for the systolic BP (K1) measurements were used to calculate the average of systolic BP.
Confounding variable measurements
Potential confounding variables included in the multivariate analysis were sex, age at interview, race (1 ¼ white, 0 ¼ nonwhite), times per week play or exercise enough to make sweat and breathe hard, and number of hours watching TV in the previous day.
The criterion of insulin resistance syndrome There was no direct measurement of insulin resistance in this study. However, we used a cluster of metabolic abnormalities that is associated with insulin resistance to define IRS. The four original components of the syndrome, hypertension, CVD risk factors and obesity J Liu et al hypertriglyceridemia, low HDL cholesterol and disturbances in glucose metabolism, are commonly clustered among adults with insulin resistance. 9 Because the IRS in children is evolving there is no general agreement about the overall assessment of this syndrome. However, research indicates that the adulthood insulin resistance is initiated at childhood. 10 For instance, childhood BP is a predictor of adulthood BP, 11 and those who had higher SBP levels in childhood were more likely to have arterial stiffness in adulthood. 12 Using HDL cholesterol level lower than the first quartile and fasting glucose and TG levels higher than the fourth quartile with abnormal BP to define the abnormality of IRS components, Trevisan et al. 13 found that the risk of death from all causes and CVD increased with increased numbers of IRS components. To study whether or not those adolescents with a potential cluster of IRS components have a higher CVD risk profile, we used the sex-specific third tertiles of glucose, TG and SBP and first tertile of HDL cholesterol to classify the presence of each IRS component (Table 1) , and categorized all adolescents into four different groups based on the number of IRS components from none, to only one, to two, to having three or all four components.
Statistical analysis
Because of the complex sampling design of the NHANES III, we used Stata/SE 8.2 for Windows (Stata, College Station, TX, USA) to compute the estimates with sampling weights provided, which are adjusted for non-response, to be representative of the civilian, non-institutionalized US population. We compared the means of the anthropometric measurements and metabolic variables between sexes and tested the trends of the means of the anthropometric measurements and lipids, glucose and BPs among individuals with none, one, two and three or four components of the IRS adjusting for age, race, hours watching TV and the times per week they played or exercised enough to make them sweat and breathe hard. Logistic regression was used to examine the associations between obesity and IRS adjusting for sex and potential confounders listed above. Obesity (BMI z-score 40.85 ¼ 1, else ¼ 0) was regressed on three indicator variables created to measure the number of components present of IRS with no components present as the reference category to compare any one component of IRS (1 ¼ yes, 0 ¼ no); any two components of IRS (1 ¼ yes, 0 ¼ no); any three or all four components of IRS (1 ¼ yes, 0 ¼ no). Odds ratios and 95% confidence intervals (CIs) were computed.
Results Table 2 presents the anthropometric measurements and the variables related to IRS by sex. The averages of the anthropometric measurements for males were slightly higher than those for females except for weight and body girths (circumferences measured at buttocks, waist and thigh). There were no sex differences in the number of components related to IRS except for the average of SBP, which was slightly higher among males. Based on the strategy described above, subjects were categorized into four different groups based on the number of positive IRS components. The means of all anthropometric measurements for each group are shown in Table 3 . Overall, about 18% of the adolescents had three or four IRS components from this population (males 17.9% vs females 18.7%). A positive linear association was observed between the number of IRS components and the mean levels of weight, BMI and the selected body girths (middle-upper arm circumference, buttocks circumference, thigh circumference, waist circumference and waist-to-hip ratio) (P-value for trends o0.05). However, no such linear association was observed for height, sitting height and leg length. All Table 1 Sex-specific cut points for insulin resistance syndrome components
Females Males
Fasting glucose (mg/dl) X89 X92 HDL cholesterol (mg/dl) o48 o44
Triglycerides (mg/dl) X89 X91 Systolic blood pressure (mmHg) X108 X113
Abbreviation: HDL, high-density-lipoprotein. CVD risk factors and obesity J Liu et al associations remained the same after adjusting for age, race, physical activity in the past week and hours watching TV.
Mean lipid levels (total, LDL, non-HDL, HDL and TG), serum glucose and SBP for four groups with different IRS components are shown in Table 4 . A significant positive linear association was observed between the IRS components and the mean level of non-HDL cholesterol remaining significant after adjusting for other variables. However, no significant linear association was observed for total and LDL cholesterol although the mean level of LDL cholesterol was CVD risk factors and obesity J Liu et al higher among those with three or four of IRS components, especially among girls. As expected, a positive linear association was observed between the IRS components and the mean levels of TG, glucose and SBP and a negative linear association was observed between the IRS components and the mean level of HDL. Using a BMI z-score greater than 0.85 to define those who were at increased risk of obesity, 30.1% of adolescents in this study sample would be categorized as obese or at increased risk of obesity with females being slightly more likely than males (31.9 vs 28.2%). After adjustment for confounding variables, those with one of the IRS components were at 1.6 (95% CI: 0.91-3.07) times greater risk for obesity compared to those without any IRS components; those with two IRS components were at 4.5 times greater risk (2.45-8.19 ); and those with three or four IRS components were at 8.9 times greater risk (4.5-17.51) ( Table 5 ).
Discussion
The results from this study demonstrate that the clustered CVD risk factors among adolescents are more likely to be associated with body weight and measurements related to body girths (circumferences of middle-up arm, buttocks, thigh, waist and waist-to-hip girth ratio) and less likely to be associated with the measurements related to body lengths (height, sitting height and leg length). The selected body girths, waist circumference and waist-to-hip girth ratio in particularly, reflect the distribution of body fat. The increase of waist circumference and waist-to-hip ratio have long been recognized to be associated with cardiovascular risk factors among adults, and those adults with abdominal fat often carry a physiologic profile that places them at higher risk of CVD.
14 Our study indicates that among adolescents, those with more IRS components are more likely to carry excess body fat, which is distributed over the entire body including the abdominal area. As such, it is no surprise to find that adolescents with more IRS components are more likely to be at risk for obesity (BMI z-score40.85). The lack of any significant associations between body lengths and IRS components that are typically found among adults may be owing to puberty when body lengths among adolescents are highly varied. High level of LDL cholesterol is a well known risk for CVD. Those children with high levels of LDL cholesterol are likely to remain at the high levels when they become adults. 1 The highest mean levels of LDL cholesterol observed among adolescents with three or four IRS components, in particular among girls, indicates that those adolescents are likely to have a high risk for CVD owing to the high levels of LDL cholesterol in the future. The association between increases in non-HDL cholesterol with an increase in the number of IRS components further suggests that those with more IRS components have already developed a certain degree of abnormal lipid profile which may have serious implications in adulthood. The increase of the level of non-HDL cholesterol has often been observed among adults with insulin resistance 15 and is a strong independent risk predictor for coronary heart disease mortality among diabetics. 16 This suggests that preventive measures need to be initiated among adolescents with more IRS components in order to decrease future cardiovascular risk. 1 Several papers published recently have also explored IRS and its related risk factors among children and adolescents. These results indicate that overweight children are more likely to have IRS;
17 the observed differences in insulin sensitivity among different ethnic adolescents are associated with differences in body fat distribution; 18 IRS is highly associated with waist circumference among children and adolescents; 19 whereas those who are obese with insulin resistance are likely to develop cardiovascular risk factors associated with IRS. 20 Our study has a similar finding to these studies. The IRS is highly associated with overweight or obesity and the measurements related to body girth though the relationship between insulin resistance and body lengths (height, sitting height and leg length) is uncertain. However, the findings from this study that the stronger associations between IRS and non-HDL cholesterol among adolescents and the highest levels of LDL cholesterol observed among adolescents with three or four IRS components should not be ignored as we seek to reduce future cardiovascular risk factors among the younger generations. There are two specific limitations in our study that need to be addressed. First, not every participant provided a morning blood sample which affected the measurement of some variables, such as TGs. This may underestimate the prevalence of IRS owing to the lower average of TGs among some respondents. Second, the variables of 'intensive physical activity during the last week' and 'TV watching hours' were based on self-reports from questions asked during the MEC examination.
Notwithstanding these limitations, the strength of this study is based on the NHANES III sample design, anthropomorphic measurement, and medical examination. In summary, our study indicates that the clustered CVD risk factors are strongly associated with obesity and higher levels of non-HDL cholesterol among adolescents. These CVD risk factors and obesity J Liu et al findings suggest directions for CVD prevention efforts among adolescents.
